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CHAPTER  I 


INTRODUCTION 

The  use  of  infrared  spectra  as  a possible  tool  in 
chemical  research  has  c<xae  about  only  in  the  last  twenty- 
five  years*  Previous  to  1930»  spectra  wore  used  chiefly 
in  theoretical  physios  in  the  study  of  vibration  and  ro- 
tation of  simple  molecules*  In  the  first  decade  of  the 
centu3?y,  W*  W«  Coblentz^^^  had  shown  empirically  that  there 
was  a relation  betireon  functional  groins  and  molecular 
structure  and  infrared  absorption,  but  due  to  the  diffi- 
culty of  detecting  and  measuring  the  radiation,  its  use 
in  chemical  research  had  not  been  considered.  The  period 
beginning  in  1930  saw  the  development  of  methods  of 
detecting  and  amplifying  snail  electrical  signals  which 
led  to  the  construction  of  several  infrared  ^ectro- 
photometers  in  this  country.  The  war  gave  this  field  a 
major  Impulse  when  it  was  discovered  that  Infrared 
spectra  furnished  a quick  and  reliable  method  of  analyzing 
O4  hydrocarbons  in  the  production  of  synthetic  rubber. 

This  led  to  an  improvement  in  instrumentation  and  the 
commercial  production  of  spectrophotometers. 
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Most  of  the  early  work  in  infrared  spectroscopy 
was  done  with  liquids  and  gases*  Eiere  were  several 
reasons  for  this  sraplmsis*  The  simple  compounds  which 
were  fix»st  studied  were  usually  either  liquids  or  gases. 

In  addition,  the  problem  of  sample  technique  in  the  use 
of  liquids  and  gases  was  fairly  sin^Jle,  but  With  solids 
it  was  much  moi^e  complex.  Many  methods  have  been  developed 
for  solids,  none  of  vdiich  is  completely  satisfactory.  The 
principal  methods  end  their  advantages  and  disadvantages 
are  discussed  below. 

The  Solution  Method, This  method  consists  simply 
of  dissolving  the  sample  in  a suitable  solvent  and  obtaining 
the  spectrum  of  the  solution.  Sample  preparation  is  quick 
and  simple,  in  most  oases,  and  conceiitratlons  are  readily 
controlled.  In  addition,  this  method  sometimes  increases 
the  siaarpness  of  bands  because  of  the  abates  of  assocla** 
tlon  effects  present  in  the  solid.  However,  there  are 
several  disadvantages*  The  two  principal  ones  can  be 
considered  together:  the  choice  of  solvent  and  the 

solvent  absorption.  The  ideal  solvent  would  dissolve 
everything  and  would  absorb  in  the  Infrared  not  at  all, 

Unf ortiuiately,  the  least  absorbing  solvents  have  a limited 
solvent  action,  while  the  better  solvents  usually  have  a 
fairly  complex  infrared  spectrum,  £fence  it  is  necessary 
to  strike  a balance  between  the  two. 


After  a suitable  solvent  has  been  chosen  there  are 
several  ways  in  idiich  to  overcome  partially  the  solvent 
absorption*  Kie  solvent  spectrum  and  the  solution  spec- 
trum can  bo  compared  directly,  and  the  solvent  absorption 
subtracted  to  obtain  the  solute  absorption.  If  a double- 
beam Instnunent  is  available,  the  spectrum  can  be  auto- 
matically compensated  for  the  solvent  by  using  an  equiva- 
lent amount  of  solvent  in  the  reference  beam*  For  quan- 
titative work,  where  perhaps  only  one  absorption  peak  is 
used,  an  empirical  calibration  curve  will  comp^sate  for 
any  errors  produced  by  solvent  absorption.  If  a reference 
spectrum  is  desired  this  method  should  not  be  used  imless 
no  other  method  is  applicable*  Besides  the  difficulty  of 
obtaining  an  accurate  point-by-polnt  compensation  for  the 
solvent,  the  interaction  of  the  solvent  and  the  solute 
often  gives  rise  to  shifts  of  intensity  arjd  position  of 
absorption  peaks  in  the  spectra  of  the  solute  and  the 
solvent* 

g^e  Mulling  Technique.— The  mulling  technique 
consists  of  mixing  the  finely  divided  sample  with  SKjme 
substance,  such  as  mineral  oil  or  perfluorokerosene, 
which  has  a relatively  simple  infrared  spectrum.  The 
resulting  paste  is  then  spread  on  a salt  plate  and  the 
spectrum  obtained.  This  has  been  the  most  widely  used 
method  for  solids  for  many  years.  The  absorption  of  the 
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mulling  agent  can  be  minimized  by  a suitable  choice.  The 
two  mentioned  above  can  be  use^  to  cover  a vide  range  in 
the  infrared*  Safl5>le  preparation  for  qualitative  work  is 
relatively  simple*  The  method  can  be  used  on  substances 
for  which  no  other  method  is  satisfactory.  One  disad- 
vantage is  the  absorption  of  the  mulling  agent,  although 
this  is  not  as  important  as  in  solution  spectra.  The 
types  of  substances  vfaich  can  be  iised  in  this  method  are 
limited  to  those  idiich  can  be  groiuid  to  a fine  powder. 

This  eliminates  soft  materials  or  those  which  become 
sticky  or  tdilch  stretch  easily*  Deliquescent  materials 
also  present  difficulties,  but  the  use  of  low  temperatures 
and  low-hxxmidlty  atmospheres  will  sometimes  overcome  this 
difficulty*  Acciirate  quantitative  woik  is  almost  impossible 
with  this  method*  An  Internal  standard  can  be  xised,  but 
this  is  a long  and  tedious  process*  This  method  may  give 
some  trouble  with  light- scat taring,  but  use  of  a small 
particle  size  (three  microns  or  less)  and  the  small 
difference  in  refractive  indices  of  the  sample  and  the 
mulling  agent  minimizes  this  trouble*  The  correct  film 
thickness  for  a suitable  spectrum  requires  an  artistic 
approach  rather  than  a scientific  one,  but  with  practice 
it  presents  few  difflciiltles. 

The  Powder  Film  Technique.— The  san5)le  is  mulled 
with  some  volatile  mulling  agait  and  then  spread  on  a salt 
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plate*  The  solvent  is  allowed  to  evaporate  and  a spectrum 
can  be  obtained  from  the  resulting  poiader  film*  The  sample 
preparation  is  tedious  and  sometimes  involved.  The  mulling 
agent  must  volatilize  coraplotely  or  its  absorption  may 
interfere*  Particle  size  must  be  maintained  below  1-3 
microns  in  order  to  minimize  light-scattering*  The  ad- 
vantages and  disadvantages  are  the  same  as  in  the  mulling 
technique  except  for  the  absence  of  mulling  agent  spectra 
and  the  greater  possibility  of  light- scattering* 

Melted  Film  Technique.— In  this  method,  the  sample 
is  melted  and  spread  on  a salt  plate*  When  it  solidifies 
a spectrum  is  obtained*  Alternately,  the  finely  ground 
sample  can  be  melted  directly  on  the  salt  plate*  The  main 
advantage  of  this  method  is  the  conflate  absence  of  inter- 
ference from  solvents  or  mulling  agents*  A pure  spectrvun 
is  obtained,  but  there  are  several  disadvantages.  The 
method  la  limited  to  those  substances  which  can  be  molted 
easily  without  either  decomposing,  oxidizing,  or  polymeri- 
zing at  the  temperature  required*  Ohis  severely  limits 
the  choice  of  substances  for  which  this  method  is  appli- 
cable* Oxidation  can  be  minimized  by  melting  the  saniple  in 
an  inert  atmosphere  or  between  salt  plates,  Ctoe  difficulty 
vdilch  may  occur  is  that  the  saDQ)le  may  crystallize  in  a 
regular  orientation*  This  often  leads  to  the  ^pearance 
or  disappearance  of  some  bands  or  the  shifting  of  others 
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depending  iq?on  the  orientation  achieved.  !Ehi3  difficiaty 
is  not  apparent  in  the  mulling  or  powder  film  techniques 
because  of  the  random  orientation  obtained  by  the  sub- 
stance in  those  techniques* 

!m>e  Mechanical  Film  .Tflchniaue*— Thi«  method  con* 
sists  of  preparing  a thin  film  by  laofflis  of  a microtome  or 
a rubber  mill.  The  thickness  of  tlie  films  can  be  con- 
trolled easily.  The  spectra  obtained  are  pure  spectra 
free  from  interference  from  solv^ts  or  mulling  agents. 
However,  the  number  of  compounds  to  which  this  method 
can  be  applied  is  limited. 

The  Film  from  Solution  Technique. —This  method 
consists  of  dissolving  the  compound  in  a volatile  solvent 
and  allowing  the  solvent  to  ovsp orate,  leaving  a thin  film 
of  the  compound  behind.  The  film  may  be  cast  directly  on 
a salt  plate  or  on  mei'cury,  a metal  plate,  or  some  other 
flat  surface.  The  latter  methods  have  the  advantage  of 
allowing  the  spectrum  to  be  rvin  without  the  interference 
fringes  idilch  soraetimes  occur  when  a salt  plate  is  used. 
The  film  is  slnply  lifted  off  of  the  stirface  and  the 
spectrum  obtained.  The  main  problem  in  the  use  of  this 
technique  is  the  choice  of  solvents.  The  solvent  must 
satisfy  several  requirements.  It  must  dissolve  an 
appreciable  amount  of  the  compoimd  at  a moderate  t«i^era- 
turo.  It  must  not  react  with  the  compound.  It  must  not 
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leave  any  non-volatile  matter  behind  upon  evaporation#  It 
must  deposit  a clear  and  even  film  of  the  compound#  Ihe 
method  of  evaporation  often  plays  an  li!5)ortant  part;  for 
one  compound,  a slow  evaporation  followed  by  vacuum  treat- 
ment will  produce  a good  film,  while  another  compound  may 
require  fast  evaporation  at  an  elevated  temperature  In 
order  to  obtain  the  desired  film#  Once  a good  procedure 
has  been  found  this  method  ims  distinct  advantages,  but 
the  discovery  of  such  a procedttre  will  often  entail  a 
great  deal  of  preliminary  work.  If  a largo  variety  of 
compounds  are  to  be  used,  a different  technique  may  be 
needed  for  each  one# 

^ ■Presjied  Medium  Technique.— 'Hiere  are  two 
principal  methods  using  a pressed  medium  for  obtaining 
the  spectrum  of  a solid.  In  the  first,  the  sample  is 
placed  between  sheets  of  some  substance  such  as  silver 
chloride,  mica,  or  polyethylene  and  then  rolled  and 
milled  to  obtain  a "sandwich”  of  the  compound  in  which 
the  saitple  has  been  rolled  into  a thin,  clear  film#  The 
rolling  and  milling  may  be  done  at  elevated  temperatures 
if  necessary.  Since  a known  amotmt  of  sample  can  be  used, 
this  method  may  be  used  for  quantitative  ;-rark#  Cospounds 
which  are  not  plastic  enough  to  be  rolled  can  be  ground 
into  a fine  powder  and  than  rolled  between  polyethylene 
sheets  mtll  the  polyethylene  is  impregnated  with  the 
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particles*  The  main  objection  to  this  method  Is  the  - 
presence  of  absorption  bands  d\i©  to  the  materials  used  as 

carriers.  This  method  was  first  proposed  by  Sands  and 

(2) 

Turner,  ' 

In  the  second  method  using  a pressed  medium,  the 
finely  groiuid  sample  is  mixed  with  finely  ground  potassium 
bjromlde  and  the  mixture  placed  in  a special  die  where  it 
is  subjected  to  high  pressure  \inder  a vacu\am,  iHie  result 
of  this  treatment  is  a clear  plate  of  potassium  bromide 
with  the  san^le  Imbedded  In  it#  The  spectra  obtained  by 
this  method  are  pure  spectra  because  the  potassium  bromide 
is  transparent  throughout  the  rock  salt  region  of  the 
spectrum#  ' Since  a known  weight  of  the  compound  and  potas- 
sium bromide  can  be  used,  qmntltatlve  work  1s  possible# 

IHie  sample  preparation  is  not  difficult  once  the  proper 
proportions  of  sample  and  potassium  bromide  are  chosen. 

This  method  is  limited  to  these  congjounds  which  can  be 
groiind  to  the  necessary  size# 

Spe cial  Techniques , —in  cases  idiere  none  of  the 
above  methods  is'  applicable,  it  is  possible  to  obtain  the 
spectra  of  the  decomposition  products  of  the  cos^otmd  and 
obtain  some  information  about  its  structure.  Comparison 
with  the  decomposition  products  of  similar  materials  may 
also  bo  useful#  Qihls  method,  however,  is  used  only  as  a 
last  resort,  since  for  most  compoxmds,  one  of  the  previous 
methods  will  be  applicable# 
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The  above-mentioned  techniques  include  all  of  the 
common  methods  for  obtaining  the  infrared  spectrum  of  a 
solid  substance*  One  or  more  of  the  methods  are  usually 
applicable  to  a given  problem.  The  choice  of  method,  if  a 
choice  is  available,  will  depend  upon  the  type  of  work  vflilch 
is  to  be  done.  For  exai^le,  an  analytical  problem  will 
probably  not  require  a pure  reference  spectrum,  since  oray 
a few  bands  are  needed.  On  the  other  hand,  a structure 
problem  will  probably  require  a good  reference  spectrum. 

In  the  present  problem,  the  con?>ounds  studied  are 
all  substituted  aramonliaa  salts,  A single  method  was  sou^t 
which  would  be  applicable  to  all  of  the  coH5>ounds,  The 
method  chosen  was  the  pressed  potassium  bromide  technique, 
!Hils  and  the  mulling  technique  are  the  only  methods  idiich 
are  easily  applicable  to  all  of  the  compoimds  studied. 

The  mulling  technique  was  not  used  because  of  the  inter- 
ference from  the  mulling  agent  spectrum. 

The  pressed  potassium  bromide  technique  has  been 
used  for  only  a short  time.  It  was  first  proposed  by 
Sister  Stinson  in  Much  of  the  work  on  the  develop- 

ment of  the  techniqtes  was  done  by  Schisdt^^^  who  investi- 
gated the  use  of  salts  other  than  potassium  biomlde  and  the 
conditions  needed  to  produce  a clear  plate.  This  method 
is  rapidly  replacing  the  mulling  technique  in  most  labora- 
tories because  of  the  ease  of  sample  preparation  and  the 
application  to  quantitative  work. 
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The  principal  purpose  of  the  present  study  was  to 
investigate  the  infrared  spectra  of  the  NHa'*',  and 

NH'*'  groups.  These  groups  are  very  similar  to  the  methyl, 
methylene  and  tertiary  CH  groups  which  have  been  thoroughly 
studied,  particularly  by  the  oil  industry.  However,  these 
nitrogonr  analogues  have  not  been  investigated  to  any  great 
extent.  Most  of  the  work  on  these  groups  has  been  done  in 
connection  with  the  biologically  inqportant  amino  acids, 
Edsall»s  early  work  on  the  Raman  spectra showed  that 
amino  acids  existed  in  the  zwitterlon  form  almost  exclu- 
sively, Since  then,  several  groups  of  workers  have 

studied  amino  acids  and  their  hydrochloride a and  have 
defined  a number  of  correlations,  A number  of  these 
correlations  Involve  the  Nil  group  fdiich  is  present  In 
many  amino  acids.  To  a certain  extent,  the  NH*'*'  group 
has  been  studied  also,  since  some  amino  acids  contain  this 
group.  However,  in  none  of  the  works  cited  has  a reasonably 
complete  assignment  been  made  of  the  vibrations  which  would 
bo  expected  from  these  groups,  nor  has  the  effect  of  these 
groups  on  neighboring  groups  been  determined. 

Since  most  of  the  compounds  studied  were  rather 
coiT^jlex,  a completely  theoretical  approach  was  not  possible# 
The  methyl  ammonlmn  ion  is  the  simplest  compomd  stuiied 
and  might  lend  Itself  to  a theoretical  study.  Such  a 


study  has  been  published  by  Waldron, who  studied 
single  crystals  of  methyl  ammonium  chloride*  In  this 
study,  however,  an  ea^irical  approach  was  used  with  the 
few  theoretical  studies  available  used  as  guides* 


CHAPTER  II 


EXPERIMENTAL  TECHNIQUES 
Preparation  of  Coripotmda 

All  of  the  alkyl  ainmonium  salts  in  this  study  were 
prepared  by  a method  described  by  Childers. This 
consists  of  treatii^  the  amino  with  an  appi*oximately  equiva- 
lent arjiount  of  BBx*  in  the  cold*  After  the  reaction  has 
taken  place,  the  solution  is  carefully  neutralized  with 
either  the  amino  or  with  a strong  sodium  hydroxide  solution. 
The  neutral  solution  is  then  heated  on  a water  bath  until 
most  of  the  water  and  excess  amine  have  been  driven  off. 

The  solution  is  then  cooled  in  an  ice  bath.  If  the  salt 
does  not  precipitate  out,  it  is  brought  down  by  the  addition 
of  acetone.  In  the  reference  cited  above  it  was  found  that 
this  method  of  preparation  produced  salts  which  were  polaro- 
graphically  pure.  Although  this  purity  was  good  enough  for 
the  present  study,  the  salts  were  recrystalllzed  from 
absolute  alcohol.  This  recrystallization  freed  the  salts 
from  most  of  the  water  and  also  produced  a crystalline 
state  which  was  more  easily  ground  to  a fine  powder. 
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Tetramethyl  and  tetraethyl  amraonlum  bromide  were 
obtained  from  Eastman  Chemical s«  They  were  recryatalllzed 
from  70^  alcohol  followed  by  absolute  alcohol* 

Phenylhydrazlne  hydrochloride,  2-napthylammonlura 
bromide,  aniline  hydrobrtanide,  semicar bazlde  hydrochloride, 
and  benzidone  dlhydrochlorlde  were  also  obtained  from 
Eastman  Chemicals.  Ohey  were  recrystallized  once  from 
absolute  alcohol, 

Hydroxylammonlum  bromide,  ethylene  dlammonlum 
brcaalde,  benzylammonium  bromide,  and  etlianolammonlum 
bromide  were  prepared  by  the  method  given  above  for 
alkyl  ammonium  bromides, 

Tetraallylaramonlum  bromide  was  obtained  from 
Dr*  G,  B,  Butler  of  the  Chemistry  Department  of  the 
Iftilverslty  of  Florida,  It  was  \ised  as  received. 
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Determination  of  Spectra 

All  of  the  spectra  In  this  study  wore  obtained  on 
a Perkln-Elmer  Model  21  double-beam  recording  spectro- 
photometer ecplpped  with  a calcium  fluoride  prism#  The 
range  of  the  Instrument  with  this  prism  Is  2-9#5  microns# 
The  accompanying  figures  show  the  spectra  which  were 
obtained  In  this  range  on  a one  Inch  per  micron  scale# 

All  of  the  conQ>ounds  were  studied  in  the  solid 
state  by  the  potassium  bromide  technique.  This  consists 
of  mixing  a anall  amoxint  of  the  sample  with  some  potassium 
bromide f grinding  the  mixture  to  a fine  powder  and  then 
pressing  the  mixture  in  a special  die  under  high  pressure 
to  give  a clear  plate  of  potassium  bromide  In  which  the 
sample  Is  dispersed# 

The  potassium  bromide  used  for  most  of  the  study 
was  Malinkrodt  A*C#S#  grade  potassium  bromide#  The 
potassium  bromide  was  groimd  for  several  days  In  a ball 
mill*  The  powdered  salt#  >hich  was  about  200  mesh  in 
size,  was  then  kept  in  an  oven  at  100*C.  until  needed. 

For  the  last  part  of  the  work,  a smell  quantity  of  liifrared 
grade  potassium  bromide  from  the  Harshaw  Chemical  Company 
was  obtained.  Since  this  salt  was  already  gao  iind  to  about 
200  mesh,  it  was  kept  In  the  oven  as  received# 
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It  was  found  that  satisfactory  spectra  were  obtained 
when  the  concentration  of  sample  in  the  potassium  bromide 
was  about  0,2^«  Since  a small  particle  size  was  necessary 
in  order  to  produce  satisfactory  pellets,  the  following 
procedure  was  developed  for  the  sample  preparation.  About 
four  grams  of  potassium  bromide,  weighed  to  the  nearest 
milligram,  was  mixed  with  about  ten  milligrams  of  the 
sample,  weighed  to  the  nearest  0.1  milligram.  The  mixture 
was  placed  in  an  agate  raorter  and  about  2 cc.  of  chloro- 
form was  added.  The  mixture  was  then  ground  to  dryness 
under  a heat  lamp.  The  function  of  the  heat  lamp  was  to 
prevent  cooling  of  the  sample  during  the  evaporation  of 
the  solvent,  since  this  might  result  in  the  condensation 
of  water  on  the  mixtxire.  After  grinding,  the  sample  was 
left  under  the  heat  lamp  for  a few  minutes.  The  sample 
was  then  placed  in  a small  bottle  and  stored  In  a vacuum 
desiccator.  The  use  of  chloroform  was  found  to  give  a 
finer  and  more  imlform  sample  than  was  obtained  by  dry 
grinding. 

The  die  used  to  prepare  the  pellets  was  one 
manufactured  by  the  Perkin-Elmer  Corporation,  following  a 
design  suggested  by  Schledt, it  produced  a pellet 
thirteen  millimeters  in  diameter.  The  pellet  could  be 
placed  in  a special  holder  which  fitted  Into  the  microcell 
adapter  on  the  spectrophotometer.  To  pa*epare  a pellet, 
about  0,35  grams  of  the  mixture  prepared  as  above  was 
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weighed  to  the  nearest  mllligrara  and  placed  in  the  die. 

The  powder  was  tait^)ed  down  to  give  an  even  distribution 
over  the  sixrface  of  the  bottom  plunger,  Ihe  die  was  then 
placed  in  a Wabash  hydra lallc  press  of  thirteen  tons 
capacity,  A slight  pressure  was  applied.  The  die  was 
evacuated  for  several  minutes  with  an  oil  pump.  A total 
pressure  of  23,000  to  25,000  pounds  was  then  applied  to 
the  die.  After  three  minutes  the  pressure  was  released 
and  the  pellet  removed  from  the  die.  The  die  was  then 
carefully  wiped  off  and  stored  In  a vacu\«n  desiccator 
until  needed. 

Although  potassium  bromide  Itself  has  no  ab- 
sorptions in  the  region  of  the  Infrared  spectrum  studied, 
there  were  two  Impurities  which  gave  some  trouble.  The 
worst  was  water,  which  has  two  fairly  strong  bands  at 

(7) 

about  throe  and  six  microns,  " It  was  not  possible  to 
remove  all  of  the  water  from  the  potassium  bromide  because 
of  Its  hygroscopic  character.  The  other  was  potassliim 
nitrate,  Scheldt  has  stated  that  it  is  possible  to  detect 
potassium  nitrate  In  potassium  bromide  in  concentrations 
as  low  as  0,005^.  The  presence  of  the  potassium 

nitrate  in  the  san^le  caused  some  unevenness  In  the  back- 
ground of  the  spectra.  In  order  to  help  eliminate  the 
errors  caused  by  these  Impxirltles,  a blank  pellet  of 
potassium  bromide  was  prepared  and  placed  in  a cell  which 


17 


fitted  into  tho  window  housing  of  the  reference  beam. 

This  eliminated  most  of  the  unevenness  caused  by  the  potas- 
sium nitrate,  but  it  did  not  always  compensate  for  the 
water  present,  since  the  water  content  usually  varied  from 
san^le  to  sample.  In  the  accompanying  figures,  the  v/eter 
absorption  at  throe  microns  is  usually  apparent.  However, 
since  this  band  did  not  interfere  greatly  with  the  regions 
of  the  spectra  which  were  of  the  greatest  interest,  no 
further  attempt  to  eliminate  the  water  was  made.  The  water 
band  at  six  microns  was  weak  and  did  not  cause  much  inter- 
ference, jQie  use  of  a blank  in  the  reference  beam  also 
helped  to  compensate  for  the  small  amount  of  scattering 
due  to  the  potassium  bromide. 

Some  of  tho  pellets  which  were  prepared  were 
unusually  cloudy.  However,  when  the  spectra  were  run,  it 
was  found  that  the  greatest  amount  of  scattering  was  at 
the  hi^  fre^encies  and  that  a translucent  pellet  trans- 
mitted as  much  light  as  a clear  pellet  below  about  3OOO  cm"^. 

After  the  present  work  had  been  completed,  Schledt^^^^ 
stated  that  it  was  possible  that  spectra  obtained  by  this 
method  were  sometimes  not  true  infrared  spectra.  Ho  found 
that  true  spectra  were  obtained  consistently  only  wlien  the 
particle  size  was  below  0,01  micron.  In  the  present  study, 
the  particle  size  was  greater  than  this  and,  since  the 
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observation  by  Schlddt  Is  not  a general  rule,  the  spectre 
obtained  vere  analyzed  on  the  assicnptlon  tlmt  they  were 
true  spectra. 
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CHAPTER  III 


DISCUSSION  OP  RESULTS 
3500-3100  cm"^  Regiox^ 

This  is  the  region  of  the  spectnun  where  the  0-H 
and  N-H  stretching  vibrations  usually  occur*  Only  a few 
of  the  compoiinds  studied  absorbed  to  any  great  extent  here* 
Ethanolairanonium  bromide  and  hydroxylammonium  bromide  have 
strong  bands  at  about  33OO  cm**^  which  can  be  readily 
assigned  to  the  0-*H  stretching  vibrations.  Phenyl- 

hydrazine  hydrochloride  and  semlcarbazlde  hydrochloride 
also  have  rather  strong  bands  in  this  region*  These 
bands  can  be  assigned  to  the  N-H  stretching  vibrations 
on  the  nitrog^  not  involved  in  salt  formation*  It  has 
been  ^own  by  other  workers  that  the  N-H  stretching 

vibrations  of  a nitrogen  involved  in  a salt  formation  do 
not  occur  in  this  region. 

Some  of  the  other  congjoxinds  have  weak  bands  in 
this  region*  These  absorptions  are  probably  due,  for  the 
most  part,  to  amines  formed  from  the  decomposition  of  the 
ammonliun  salts* 
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The  31Q0«2600  cxn"^  Region 

In  the  discussion  of  the  various  absorptions  In 
this  region  the  following  general  observations  will  bo 
used* 

!•  The  asyinmetrlc  and  syiometrlc  methyl  vibrations 
occur  at  about  2960  cm“l  and  2870  cm*^  respectively, 

2*  The  asymmetric  and  symmetric  methylene  vibra- 
tions occur  at  about  2925  and  2850  cm"!  respectively. 

3»  These  frequencies  are  not  appreciably  changed 
as  long  as  the  carbon  atom  Is  attached  to  another  carbon 
atom. 

The  Influence  of  a non-carbon  atom  Is  usually 
greatly  diminished  on  atoms  beyond  the  adjacent  ones, 

5»  Aromatic  rings  usually  have  a band  at  about 
3030  cm"^, 

A more  complete  discussion  of  these  observations 
has  been  given  by  Bellamy. Other  observations  discussed 
by  Bellamy  will  be  used  from  time  to  time  in  the  discussion 
below. 

Since  the  N-H  stretches  In  a quaternary  nitrogen 
atom  do  not  occur  In  the  3500-3100  cm*"^  region,  the  next 
most  logical  place  to  look  Is  In  this  region#  The  ammonium 
Ion  Itself  absorbs  at  313U  cm“^  and  3033  cm”^. The 

NHg  , NH*  , and  NH  groups  would  be  expected  to  absorb 
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at  lower  freqiienclee  than  this,  by  analogy  with  the 
corresponding  CH  groups*  Methane,  for  exait^le,  absorbs 
at  3030  cm"’^  and  2914  which  is  slightly  higher 

than  the  usual  methyl  and  methylene  absorptions*  There  is 
some  literature  data  on  the  absorption  of  the  NHe"*"  group. 
Bellamy has  reviewed  the  data  and  gives  a range  313 0- 
3030  cm“^  for  a band  which  appears  in  amine  acids  that  con- 

4. 

tain  the  NH3  group* 

Table  I lists  the  absorptions  of  all  of  the  mono- 
substituted  ammonium  salts  studied  in  the  31OO-I8OO  cm“^ 
region*  It  can  be  seen  that  all  of  the  con5>ot2nds  had  at 
least  one  band  above  3OOO  cm*^,  and  many  had  two  bands 
there*  Since  most  of  the  con?)ounds  do  not  contain  any 
other  group  which  would  bo  expected  to  absorb  in  this  region, 
it  appears  that  the  group  does  absorb  above  3OOO  cm”^. 

The  presence  of  two  bands  above  3 000  cm**^  can  be  ejq)lalned 
by  the  fact  that  the  group  would  be  ejqjected  to  have 

both  an  asymmetric  and  a symmetric  vibration  by  analogy 
with  the  methyl  group,  the  higher  frequency  belr^  due  to 
the  asymmetric  vibration*  The  fact  that  two  bands  tdiich 
could  bo  assigned  to  the  111X5'*’  group  wore  not  always  de- 
tected may  have  been  duo  to  the  poor  resolution  in  this 
region  for  many  of  the  compounds* 

The  NHa'*’  and  Nlf*’  groups  xoight  bo  expected  to  absorb 
in  this  region  also*  However,  the  present  study  indicates 
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that  they  do  not#  The  evidence  supporting  this  statement 
is  discussed  in  the  section  on  the  2800-2350  cm"^  region# 
All  of  the  confounds  containing  these  groins  were  analyzed 
on  the  assumption  that  they  do  not  absorb  in  the  higher 
ens3?gy  region# 

Edsall,^^^  in  a study  on  the  liaman  spectra  of  the 
methyl  substituted  ammonium  salts,  notes  that  all  of  the 
spectra  had  a band  at  about  3030  cm“^  which  increased  in 
intensity  as  the  number  of  methyl  groups  was  increased, 
the  greatest  intensity  occurring  in  the  tetramethyl 
ammonium  salt#  He  ascribes  this  band  to  a methyl  vibration 
since  it  would  not  occur  in  tetramethyl  aimionitmi  ion  if  it 
were  due  to  an  N-H  vibration#  The  present  study  reveals 
a similar  band  in  the  infrared  spectrum#  In  the  di-,  trl-, 
and  tetramethyl  ammonium  salts  it  appears  at  3026  cm”^, 

3017  cm  and  3^13  cm"^  respectively#  In  the  methyl 
ammonium  salt,  there  is  a band  at  3^25  cm"^,  but  it  is 
possible  that  it  may  be  due  to  an  KHa"*”  vibration#  There 
appear  to  be  more  bands  in  this  region  idiich  were  not 
resolved.  The  methyl  vibration  may  be  masked,  since  its 
intensity  is  probably  weak# 

i^bles  I and  II  list  the  bands  which  occurred  in 
the  spectra  of  the  cou5>ounds  studied.  Each  spectioun  is 
discussed  below  as  to  the  probable  assignments  of  these 
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bands*  In  general,  the  spectra  were  rather  poorly  resolved, 
so  that  the  list  of  frequencies  is  by  no  means  complete* 

Methyl  Ammonium  Bromide. a 3086  cra"^  and  the 
3025  cm  ^ bands  were  assigned  to  the  asymmetric  and 
symmetric  NH3  vibrations  respectively,  as  was  discussed 
above*  The  2970  cm  ^ band  is  probably  due  to  the  methyl 
group*  Its  position  seems  to  indicate  that  it  is  due  to 
the  asymmetric  methyl  stretch*  iiowever,  it  has  already 
been  stated  above  that  this  absorption  may  occur  above 
3000  cm  in  this  coB5)ound*  If  this  is  actually  the  case, 
the  2970  cm  group  may  be  a symmetric  methyl  vibration 
which  has  been  shifted. 

Ethyl  Ammonium  Bromide* «»»Thi a spectrum  has  a band 
at  29U9  cm"^  which  is  apparently  too  low  for  the  NHa^ 
asymmetric  vibration  and  too  high  for  the  symmetric  vi- 
bration, The  spectrum  is  too  poorly  resolved  to  detect 
another  band  in  this  region*  However,  in  any  case,  this 
band  is  probably  due  to  the  KHa"*’  group.  The  bands  at 
2985  cm  ^ and  2886  cm  ^ correspond  closely  to  the  fre- 
quencies ejtpected  from  the  asymmetric  and  symmetric  methyl 
vibrations  respectively. 

Propyl  Ammonium  Bromide.— The  NHa'^  vibrations  can 
be  assigned  to  the  bands  at  3096  cm~^  and  3026  cm"^  in 
this  compound.  The  2996  cm"^  and  2895  cm*^  bands  are 
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probably  duo  to  the  methyl  group  vibrations.  The  2833  cra“^ 
band  is  at  a position  consistent  with  a symmetric  methylene 
vibration. 

Iflopropyl  Ammonium  Bromldo.—TiiA  3077  cm”^  and 
3025  cm  bands  can  be  assigned  to  tlie  HHa"*"  group.  The 
origin  of  the  2941  om”^  band  is  unknowni* , The  fact  that 
it  is  an  intense  band  indicates  tliat  it  probably  arises 
from  the  methyl  groups* 

Butyl  Ammonitmi  Bromide. —The  NHa’*’  bands  appear 
at  3091  cm  ^ and  3021  cm  ^ in  this  spectrum.  The  2964  cra"^ 
band  is  probably  due  to  an  asymmetric  methyl  vibration. 

The  origin  of  the  2824  cm  ^ band  is  not  clear,  although 
it  may  be  due  to  a symmetric  methylene  vibration  on  the 
carbon  adjacent  to  the  nitrogen*  The  symmetric  vibration 
of  the  other  methylene  groups  and  of  the  methyl  group 
would  be  expected  at  a higher  frequency* 

2-^Oimoethyl  Ammonium  Bromide. NHg'*'  vibra- 
tions appear  at  308I  cm  and  3OO3  cm  ^ in  this  spectrum* 

—1 

The  2933  cm  band  can  be  assigned  to  an  asymmetric 
methylene  vibration  since  no  other  vibration  la  to  be 
expected  in  this  region  from  this  compound* 

Sthanolanwionium  Bromide... 3077  cm**^  and  tloe 
3046  cm**^  band  can  be  assigned  to  the  group.  The 

2907  cm  ^ and  the  2943  cm~^  bands  are  probably  due  to  the 
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asj^otrlc  methylene  vibrations  althoiJeh  it  is  not  possible 
to  decide  which  band  is  due  to  idxioh  methylene  group* 

Ethylene  Diammonium  Droaide*  "--There  is  no  resolved 
band  in  this  spectrum  vhioh  may  be  assigned  to  the 
asyncaetric  vibration*  Ifowever*  the  spectrian  indicates 
that  there  is  an  absorption  in  the  expected  region*  The 
3016  cm“^  band  can  be  assigned  to  the  symmetric 
vibration*  The  2921^  cm  ^ and  2903  cm  ^ bands  are  probably 
due  to  the  asymmetric  methylene  vibrations,  the  appearance 
of  two  bands  arising  from  an  interaction  between  the  two 
groups* 

Hydroxylammoniian  Chloride.— •This  spectrum  was  not 
resolved  sufficiently  in  this  region  for  any  distinct 
bands  to  be  observed, 

Semlcarbazide  Hydrochloride. — The  spectrum  has  a 
band  at  301^9  cm  ^ which  could  be  assigned  to  one  of  the 
NHg  vibrations*  There  does  not  appear  to  be  any  proof 
for  tl^  assignment  of  the  other  bands  in  the  spectmim* 
PhenvlhTdrezine  Hydrochloride.  ^-Elth^r  the 
3026  cm  or  the  30^9  cm  band  is  probably  due  to  the  ring 
vibration.  The  spectrum  shows  that  the  3OO9  cm**^  band 

is  much  sharper  then  the  3026  cra"*^  band  vdiich  indicates 

-1 

that  the  3009  cm  band  is  probably  due  to  this  ring 
vibration.  3026  cra**^  band  could  then  be  assigned 

to  the  Mg  group.  There  is  a slight  Moulder  on  the 
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main  absorption  tdaich  may  b©  due  to  the  other  vi- 

bration vahich  is  expected  in  this  region*  Kiero  appears 
to  be  no  convenient  assignment  for  the  other  bands* 


Aniline  Hydrobromide* —This  spectrum  was  too 
poorly  resolved  for  any  distinct  bands  to  be  observed* 

Ammopiffl^  Brpmid^.  — ihis  spectrum  was  also 
too  poorly  resolved  to  be  of  any  use  in  this  region* 
^nzidene  Dihvdrochlorlde,-.o.iy  two  definite 
bands  could  be  dlstingiiished  in  this  region.  The  30lj.9  cm**^ 
band  could  be  due  to  either  the  NHa"*”  group  or  to  a ring 
vibration*  No  assignment  could  be  mad©  for  the  2852  cm”^ 
band* 


£j:iNapthyl  Ammonium  Bromide.— ^^^^-1 
is  probably  due  to  a ring  vibration.  The  symmetric  NHg'*’ 
vibration  may  appear  at  301?  cm'^,  although  this  may  also 
be  due  to  a ring  vibration.  The  origin  of  the  other  bands 
in  the  spectmmi  is  not  known* 


^e_thyl  Ammonium  Bromide.— 3026  cm“^  band  has 
already  been  assigned  to  the  methyl  group.  The  2976  cm"^ 
band  is  probably  due  to  the  methyl  groups.  No  assignment 
could  be  made  for  the  other  bands  in  this  spectrum. 


Diethyl  Ammonium  Bromide*— Th a 2967  cm“^  and 
2661  cm  bends  probably  arise  from  the  asymmetric  and 
symmetric  iiMthyl  vibrations  respectively*  The  2909  cm*^ 
and  the  2827  bands  correspond  closely  to  the 
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asymmotrlc  and  symmetric  methylene  vibrations.  They  have 
apparently  been  shifted  to  a slightly  lower  frequency  by 
the  adjacent  nitrogen  atom* 

Dlpropyl  Ammonium  Bromide.  methyl  group 

vibrations  can  be  identified  with  the  bands  at  2971  cm“^ 
and  288I4.  cm*^.  The  2817  band  may  be  due  to  a 
symmetric  methylene  vibration  vfliich  has  been  shifted  to 
a lower  frequency  by  the  adjacent  group. 

PJLlsopi»PPvl  _Axanonlum_BrQmlde.  —The  2972  cm*^ 
band  corresponds  closely  to  an  asymmetric  methyl  vibration. 
The  2911  and  28l|2  cm"^  bands  may  be  due  to  the  symmetric 
vibration  idiich  has  been  split  into  two  components.  The 
mi<^olnt  between  these  two  bands  is  close  to  the  expected 
frequency  for  this  vibration. 

Diallyl  Ammonium  Bromide. «»»The  308I  cm**^  band  is 
at  the  frequency  expected  for  a temlnal  vinyl  stretch. 

The  29UI  cm*^  and  2892  cm“^  bands  may  be  due  to  a Perml 
resonance  of  the  expected  asymmetric  methylene  vibration 
at  about  2925  cm*“^  and  the  first  overtone  of  the  li|8U  cm*^ 
band.  An  alternative  ejqplanation  would  be  to  assign  one 
of  the  bands  to  the  asymmetric  methylene  vibration  and  not 
assign  the  o'Uier*  Neither  band,  however,  appears  at  a 
frequency  to  be  expected  froa  this  vibration. 
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.grimftthll  IHl»nAW»  3017  cm**^  band 

has  already  been  assigned  to  the  methyl  gror^*  The  2959  cm’ 
band  is  also  probably  due  to  the  methyl  groups*  although 
whether  it  is  a normal  asymmetric  vibration  or  a shifted 
symmetric  vibration  cannot  be  determined*  The  origin  of 
the  2933  cm"*^  band  could  not  bo  determined* 

Triethvl  Aaaaonium  Bromide. --The  expected  methyl 
group  vibrations  may  be  identified  at  2976  cm"^  and 
2885  cm  The  2941  cm**^  and  the  2807  cm**^  bands  may 
arise  from  the  methylene  groups,  although  the  first  appears 
to  be  too  high  and  the  second  too  low  for  the  expected 
vibrations* 


^Ipropjgl  Bromide*  ~^The  2970  cm**^  and 

the  2890  cm“*^  bands  can  be  identified  with  the  asymmetric 
and  symmetric  methyl  vibrations  respectively*  The  2941  cm*^ 
band  corresponds  to  an  asymmetric  methylene  vibration* 

Tetramethvl  Ammonium  Bromide*  ~»The  3013  cm*^  band 
has  already  been  assigned  to  the  methyl  group*  The 
2957  cm"^  band  is  also  probably  due  to  the  methyl  group* 

The  origin  of  the  other  bands  could  not  be  determined* 
Tetraethyl  Amaonixmi  Bromide.— Th a only  band  of 
any  great  intensity  in  this  region  is  the  2990  cm“^  band. 
This  may  be  due  to  an  asymmetric  methyl  vibration*  The 
origin  of  the  other  bands  is  not  certain*  The  2924  cm“^ 
and  the  2913  cm*^  bands  may  be  due  to  methylene  vibrations 


/ 


29 

since  they  appear  at  rrequencles  close  to  those  expected 
from  this  group*  The  2956  cm  band  may  arise  from 
another  methyl  vibration* 

To traallyl  Ammonium  Bromide. 3095  coT^  band 
is  due  to  the  terminal  vinyl  stretch.  !Hie  3021  cm*^ 

band  Is  probably  due  to  the  «CH-stretch.  The  origin  of 
the  other  bands  could  not  be  determined. 

While  many  of  the  assignments  made  above  are  v^y 
tentative^  a few  general  observations  can  bo  made*  The 
groiip  apparently  has  two  bands  in  the  3100*3000  cm~^ 
region  in  the  alkyl  substituted  ammonium  compounds. 

Whether  this  was  also  true  in  the  other  monosubstituted 
confounds  studied  could  not  be  determined  conclusively* 

In  particular,  the  con5>ounds  containing  aromatic  rings  also 
absorb  in  this  region,  ihich  increases  the  difficulty  of 
assignment*  In  addition,  many  of  the  non-alkyl  substituted 
compoxaida  many  unresolved  absorptions  throughout  this 
region*  Further  work  will  have  to  be  done  on  “this  typo 
of  ccxapound  in  order  to  determine  whether  the  NHa'*’  group 
absorbs  in  the  same  range  as  in  the  alkyl-substituted  'com- 
pomds*  The  spectra  of  th©  compounds  Which  contain  a mobile 
electron  pair  adjacent  to  the  nitrogen  seem  to  have  a distinct- 
ly different  spec  trim  in  the  2800-2350  cm**^  region,  which 
is  discussed  in  the  next  section*  This  indicates  that  the 


NHa"*"  group  in  this  type  of  con^wund  Is  different  from  the 
same  grorp  In  other  types  of  c expounds • 

The  1^5"*"  group  appears  to  raise  the  frequency  of 
a methyl  group  directly  attached  to  the  nitrogen,  . The 
effect  of  the  NH3'*’  group  on  an  adjacent  methylene  gx*oup 
does  not  appear  to  be  clear-cut,  however.  In  some  com- 
pounds the  frequencies  appear  to  be  raised  and  In  others 
they  appear  to  be  lowered. 
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TABLE  I 

THE  SPECTRAL  BAliDS  OP  SOME  MOHOSUBSTITUTED  AMMOHIUM 
SALTS  IH  IHE  3100-2B00  CM*^  REGION 


Corapound 

Frequency  in 

cra*^ 

(a) 

GHoNH^Br 

3086s 

3025m 

297OW 

CBHoHHsBr 

30l^9s 

2985s 

2886w 

C3HT-i<HgBr 

3096s 

3026s 

2956s 

2895s 

2833m 

(CHa)aCHNHaBr 

3077s 

3025s 

2941s 

CaHgKHaBr 

3091s 

2021s 

2964s 

2824m 

BrCHnCHaNHaBr 

308lm 

3003s 

2933m 

HOCHaCHaNHaBr 

3077ta 

3046s 

2907m 

2843W 

HONHaBr 

See 

text 

3016s 

2924s  2903m 

HaNCONHNHsCl 

3049m 

2972m  2915m 

2871m 

CeHaNHKHsCl 

3026s 

3009s 

2955s 

2853s 

• 

CaHaNHa Br 

See 

text 

0 a Ha  ^ ^8 

See 

text 

(CaHaNHaCl)a 

3049s 

2852s 

CioHTNHoBr 

30S8w 

3017m 

2906s 

2865s 

2813s 

(a)  The  letters  w,  m,  and  a which  follow  the  frequency 
of  the  bands  indicate  the  Intensity  of  the  band  and  stand 
for  weak,  nwdium,  and  strong  intensity  respectively. 
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TABLE  II 

THE  SPECTRAL  BAI®S  OP  SOME  DI-,  TRI-,  AND  TETRA- SUBSTITUTED 
AMMONIUM  SALTS  IN  THE  3100-2800  CM“^  REGION 


Con5>oiind  Frequency  In  cm**^ 


(CHa)aNHaBr 

3026m  2976s 

2924w 

2895w 

(CaHB)aNHaBr 

2967s 

2909s 

2861s  2827s 

(CaH7)aNH8Br 

2971s 

28814m  2817s 

[(GH3)aGH]aNHaBr 

2972s 

2911s 

2842s 

(CHa«CHCH8)aNHaBr 

3081m 

29418 

2892m 

(CH3)3NHBr 

3017m  2959s 

2933w 

(CaH6)3NHBr 

2976m 

2941s 

2885w  2807w 

(CaH7)3NHBr 

2970s 

2941m 

2890m 

(CHa)aNBr 

3013m  2957w 

2915w 

2839W 

(CaH3)4NBr 

2990m 

2956w 

2924w  2913W 

(CHa«CHCHa)*NBr 

3095m  3021m  2963s 

2899W 

(a)  The  letters  w,  m,  and  s v4ilch  follow  the 
frequency  of  the  oands  indicate  the  intensity  of  the  band 
and  stand  for  weak,  medium,  and  strong  intensity  respec- 
tively. 
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The  2800-»2350  cm**^  Revlon 

Very  few  fundamentals  occur  In  this  jrogion  of  the 
infrared  spectrum.  It  is  known  that  sulfur-hydrogen  and 
phosphogorous-hydrogen  stretches  occur  here, but  no 
structure  of  this  type  occurs  in  the  confounds  studied. 

It  has  been  noted  that  amino  acids  and  their  hydi*ochlorides 
absorb  extensively  in  this  region,  but  no  characterization 
of  these  absorptions  has  been  made.  It  is  supposed  that 
those  bands  arise  from  the  NH  groupings  since  they  do  not 
appear  to  bo  present  in  the  salts  of  the  amino  acids. 

In  the  present  study,  all  of  the  confounds  except  for  the 
tetrasubstituted  compounds  have  bands  in  this  region. 

This  supports  the  assuii^tlon  that  these  bcmds  arise  from 
the  NH  groups.  Table  III  lists  the  strong  and  medium 
absoiptions  in  this  region.  The  table  is  limited  to  those 
bands  because  of  the  multiplicity  of  weak  bands  vdiich 
occur.  Most  of  the  bands  are  probably  due  to  interaction 
effects  of  the  NH  groups.  However,  there  appear  to  be 
possible  assignments  for  some  of  the  stronger  bands. 

These  possible  assignments  are  discussed  below. 

None  of  the  monoalkyl  substituted  ammonium  salts 
had  any  strong  bands  in  this  region.  For  this  reason  they 
do  not  appear  in  the  table.  All  of  the  monosubs tltuted 
compoimds  ^dilch  do  appear  in  this  table  have  one  structxiral 
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feature  In  coinraonj  there  is  at  least  one  pair  of  rela- 
tively mobile  electrons  on  the  atom  adjacent  to  the 
group.  In  hydroxylamraonlura  bromide  the  oxyg«i  atom  has 
two  pairs  of  unbonded  electrons.  In  phenylhyxirazino 
hydrochloride  and  s«aicarbazlde  hydrochloride,  the  nitrogen 
atom  adjacent  to  the  NHa"*"  group  has  one  pair  of  unbonded 
electrons*  In  aniline  h;jdr ©bromide,  benzidene  dihydro- 
chloride, and  2-napthyl  ammonium  bromide  there  is  a 
double  bond  on  the  adjacwit  carbon  ihlch  can  furnish  a 
pair  of  relatively  mobile  electrons.  This  suggests  that 
the  strong  vibrations  in  these  compounds  are  due  to  an 
vibration  which  has  be^  shifted  by  the  presence  of  the 
mobile  electrons.  The  positively  charged  nitrogen  would 
attract  these  mobile  electrons,  %iiich  would  increase  the 
electron  density  around  the  nitrogen.  The  effective  charge 
of  the  nitrogen  vrould  be  decreased,  and  this  would  lead  to 
a weakening  of  the  HH  bonds.  It  is  interesting  to  note 
that  the  above  confounds  are  stronger  acids  than  the  other 
mono  substituted  coB^ounds,  For  the  compounds  discvissed 
above,  -log  Ka  varies  from  9*44  to  10,75.^^^^  In  the  other 
mono  substituted  con5)ouixis,  except  for  benzylammonium 
bromide,  it  varies  from  3.43  to  6,03^^^^^  Benzylammonium 
brcMnlde  appears  to  be  an  anomalous  case.  While  it  has 
an  acid  constant  of  9,3»  it  also  has  several  medium 
Intensity  bands  in  this  region,  even  with  no  mobile  electrons 
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on  the  adjacent  carbon  atom*  It  la  possible  that  the 
effect  of  the  aromatic  ring  is  transmitted  tiirough  the 
methylene  group  so  that  a shift  in  electron  density  would 
also  take  place  in  this  conQJOxind, 

All  of  the  di-  and  tri-substituted  coinpounds  have 
at  least  one,  and  usually  more  than  one,  strong  band  in 
this  region*  The  intensities  of  these  bands  indicate  tlmt 
they  are  probably  fundementals*  The  absence  of  any  bands 
idiich  could  be  assigned  to  the  and  gvovspB  in  the 

3100-2800  cm“^  region  indicates  that  they  probably  arise 
from  these  structiires.  However,  an  explanation  of  the 
unexpectedly  low  frequency  was  sought*  In  general,  alkyl 
groups  are  electron  releasing  groups*  The  effect  of  this 
electron  releasing  ability  is  to  Increase  the  electron 
density  arcund  the  adjacent  atoms  idilch  would  result  in  a 
lowering  of  the  hydrogen  stretches  on  these  atoms*  This 
effect  is  demonstrated  by  the  fact  that,  in  hydrocarbons, 
the  methyl  group  absorbs  at  a higher  frequency  than  the 
methylene  group,  idilch  in  turn  absorbs  at  a higher 
frequency  than  the  tertiary  CH  groiq>*  Table  III  shows 
that  this  holds  generally  for  the  NH  groups  also*  The 

^8  group  has  already  been  shown,  to  absorb  above  3OOO  cm"^* 
The  dlsubstltuted  compounds  appear  to  absorb  in  the  region 
2801-2764  cm”^  while  the  trlsubstituted  compounds  appear 
to  absorb  in  the  2747*2632  cm  ^ region*  The  unusually 
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large  shift  In  going  from  the  NHa  group  to  the  NH# 
groi^)  Is  probably  due  to  the  fact  that  the  positive  charge 
on  the  nitrogen  would  tend  to  attract  the  electrons  which 
the  alkyl  group  releases,  2hls  would  tend  to  exaggerate 
the  electron  releasing  power  of  the  alkyl  group.  The  fact 
that  another  lar^e  shift  does  not  occur  In  going  tram  the 
NHa  group  .to  the  NH  group  may  be  due  to  the  electron 
density  having  neared  the  saturation  point  in  the 
group. 

The  NHa"^  gro^p  would  be  expected  to  have  another 
band  In  this  region.  It  may  be  Identified  with  one  of  the 
bands  idilch  occur  In  the  2$$0»23$0  cm*^  region.  The  NH'*’ 
group  would  be  expected  to  have  only  one  band  in  this 
region.  The  assignment  of  the  other  bands  was  not  possible. 
All  throe  of  the  trlsubstltuted  compounds  had  a strong 
band  In  the  2530*2l|.79  cm*  region,  A larger  number  of 
confounds  of  these  typos  would  have  to  be  studied  before 
any  general  conclusions  could  bo  made  about  the  expected 
ranges  of  the  bands  which  occur* 
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TABLE  III 

TEE  MEDIUM  AND  STRONG  SPECTRAL  BAliDS  OF  SOME  SUBSTITUTED 
AMMONIUM  SALTS  IN  THE  2800-2350  CM“^  REGION 


Compound 

Frequency  in  cm” 

1 (a) 

HONHaBP 

27$6m 

2710m  2667s 

HaNCONENEgCl 

2762m 

2672s 

CeHaMiNHaCl 

2699s 

C 1 aHyNHgBr 

2706s  2661m  2601m 

2581s 

(CoH*NHoCl)a 

2554s 

CaHeNHaBr 

2581s 

CeHaCH«NHaDr 

2681m 

2551m 

(CHa)aRH.Br 

2782s 

2447s 

(CaHB)a^JHaBr 

2780s 

2751s 

2476m  2371m 

(CaH7)sNHaBr 

2801s 

2529m  2417m 

[(CHa)aGH]alfflaa? 

2764s 

2728s 

2486s  2431m 

(ClfaCHCIia)aNHaBr 

2797s 

2728m 

2561m  2412m 

(CHa)aNHBr 

2703s 

2479m 

(CaHa)aNHBr 

2747s  2682s 

2499s 

(CaH7)aNHBr 

2762m 

2717m  2632s  2611m  25o3s 

(a)  Th©  letters  m and  s following  the  frequency 


of  th©  bands  Indicate  th©  intensity  of  th©  band  and  stand 
for  medium  and  strong  intensity  respectively* 
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■gie_.X200»l600  cm"^  Region 
Various  types  of  double  bond  stretches  occur  In 
this  region  of  the  spectrum*  A few  other  types  of  vi- 
brations occ iir  here  also*  Since  only  a few  of  the  com- 
pounds studied  had  any  significant  absorptions  in  this 
region,  they  can  be  discussed  individually, 

Dlallyl  ammonium  bromide  absorbs  at  1652  cm*’^, 
while  tetraallyl  anmonlum  bromide  absorbs  at  161|5 
This  band  is  due  to  the  carbon-carbon  double  bond  stretching 
which  occurs  in  propene  at  1647  ora"^, 

Semioarbazide  hydrochloride  lias  two  strong  bands 
at  1691  cm  ^ and  1636  cm*^*  These  bands  are  probably  duo 
to  the  carbonyl  group  vhich,  in  urea,  absorbs  at  I689 
era  •'  The  doublet  may  arise  from  either  an  interaction 
between  the  carbonyl  group  and  some  other  part  of  the  mole- 
cule or  from  the  presence  of  an  enol  fom  that  would  give 
rise  to  a C«N  structure,  vhich  would  be  expected  to  absorb 
in  this  region,  A third  possibility  is  that  one  of  the 
bands  is  due  to  an  NH  deformation  on  one  cf  the  nitrogens 
not  involved  in  the  salt  formation,  since  the  M deforma- 
tion in  amides  sometimes  absorbs  in  this  region* 

All  of  the  other  compounds  tdilch  absorb  in  this 
region  are  arcsnatic  and  would  ordinarily  be  expected  to 
have  one  or  tvD  bands  close  to  I6OO  cm**^,  depending  upon 
whether  the  ring  is  conjugated  or  not*  Benzidene  dihydro- 
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chloride  and  phonylbydrazln®  hydrochloride  have  sharp  bands 
at  1600  cm  ^ and  I6I3  cm**^  respectively*  Aniline  hydro- 
bromide  has  three  bands  at  I63I  cra*^,  1616  cm"^,  and  I6O3 
CTn**^*  The  speotium  of  2-napthyl  ammonium  bromide  has  two 
bands  at  16^3  cm“^  and  161?  cm~^.  All  of  these  bands  can 
be  assigned  to  the  aromatic  double  bond  vibrations  except 
perhaps  for  one  of  the  aniline  hydro  bromide  bands*  Since 
only  two  bands  at  the  most  would  bo  expected  In  this  region 
from  the  aromatic  ring,  the  third  band  may  be  due  to  an 
UHa'*'  deformation  idilch  has  been  shifted  to  a higher  fre- 
quency than  usual*  This  possibility  is  discussed  more 
fully  in  the  next  section* 

Benzyl  ajanonlum  bromide  would  be  expected  to 
absorb  in  this  region*  However,  there  appears  to  be  no 
band  In  the  spectrum  here*  There  Ic  a sharp  band  at 
1591  cm**^  which  may  be  due  to  an  aromatic  ring  vibration* 
This  band  Is  discussed  mono  fully  in  the  next  section* 
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I?^_M0QrlMQ  Region 
It  has  been  shown  by  other  workers  that  amino 
acids  and  their  hydrochlorides  idiich  can  possess  the  NHb'*’ 
group  usually  have  two  bands  in  this  region,  53iere 

appears  to  be  some  doubt  as  to  the  exact  position  of  these 
bands.  Bellamy^^^  quotes  a range  of  1660-1610  cm"^  for 
the  first  band  and  1550-1485  cm*^  for  the  second.  These 
ranges  apparoitly  refer  only  to  amino  acids  because 

(7)  , 

Randall  quotes  the  ranges  1630-1570  cm*-*-  and  1546- 
1499  cm“^  for  such  compounds,  vdiile  he  quotes  the  ranges 
I6IO-1590  cra*^  and  1522-1483  for  the  hydrochlorides* 
The  assignment  of  both  of  these  bands  to  the  NHa"*^ 
group  has  not  been  definitely  established,  Randall^?) 
for  example,  assigns  only  the  first  band  to  this  group 
and  does  not  assign  the  second.  The  possibility  that  both 
are  due  to  the  NHa'*’  group  is  Indicated  by  the  fact  that 
both  are  absent  in  the  spectra  of  the  sodium  salts  of  the 
amino  acids.  It  1s  to  be  expected  that  the  NHg'*’  group 
would  have  both  asymmetric  end  symmetric  deformations 
corresponding  to  the  same  deformations  in  the  methyl 
group, 

Ifeble  IV  lists  the  absorptions  in  this  region 
of  the  monosubstltuted  ammoniisa  salts.  Only  the  well- 
defined  bands  are  listed*  Many  of  the  bands  had  shoulders 
of  varying  intensity  ^Ich  were  omitted. 


For  the  first  nine  compounds  In  the  table  the 


assignment  of  the  bands  was  relatively  simple.  In  these 
ccmQ)cunds  no  fundamentals  wuld  be  expected  other  than  those 
due  to  tlie  liHa'*’  group#  Hence,  aU  of  the  bands  in  this 
region  for  these  compounds  were  assigned  to  this  group#  One 
anomalous  case  is  apparent.  Ethyl  atoraonium  bj?omlde  has 
only  one  band  in  this  region,  at  1^99  cm*^,  whereas  all 
of  the  other  compounds  had  at  least  two.  The  absence  of 
a band  near  1500  cm“^  is  particularly  puzzling  because 
this  band  is  usually  the  strongest  band  in  the  region  in 
the  other  compounds.  The  missing  band  may  be  identified 
with  either  the  shoiilder  at  ll|93  cm*^  or  the  shotilder 
at  ll}.8l  cm“^  The  first  band  is  in  the  expected  range 
but  appears  to  be  too  weak*  2he  second  is  stronger 
but  appears  at  a rather  low  frequency. 

Some  of  these  nine  compounds  show  more  than  two 
bands  in  tMs  region.  These  may  arise  from  an  Interaction 
of  the  groups  in  the  solid  state#  In  most  cases,  however, 
the  highest  and  lowest  frequencies  were  the  strongest  and, 
therefore,  were  assigned  to  the  asymmetric  and  de- 

formations respectively. 

For  the  remaining  six  conpounds  the  assignment  is 
complicated  by  the  fact  tlmt  other  absorptions  are  expected 
in  this  region.  For  semicarbazide,  an  absorption  around 
1550  cm*^  is  to  be  expected  from  the  secondary  amide  group# 
The  spectrum  has  two  bands  at  1$U6  cm*"^  and  1521  cm*^. 
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or  both  of  which  is  probably  due  to  this  group.  The  bands 
at  1584  cm  ^ and  1493  cm**^  were  assigned  to  the  NHa"**  de- 
formations. 

The  remaining  five  coaqpounds  in  Table  IV  all  con- 
tain an  aromatic  ring.  According  to  Bellamy^^^  an  aroma- 
tic ring  usually  has  two  bands  in  this  region,  one  near 
1600  cm"^  and  the  other  near  1500  cm*^.  In  addition,  a 
band  near  158O  cm**^  often  occurs,  particularly  if  the  ring 
is  conjugated  in  some  way.  For  reasons  idiich  are  apparent 
in  the  following  discussion,  these  five  compounds  were 
split  into  two  groups.  The  first  group  consisted  of 
phenylhydrazine  hydrochloride  and  benzyl  ammonium  bromide 
in  which  the  NHe”*"  group  is  insulated  from  the  aromatic 
ring  by  an  intervening  group.  The  second  group  consists 
of  aniline  hydrobromide,  2-nap thyl  ammonium  bromide,  and 
benzidene  dihydrochloride  in  which  the  liHa'*'  group  is 
attached  directly  to  the  ring. 

In  the  first  group  it  might  be  expected  that  the 
NHa'*'  deformations  would  occiar  at  the  us\ial  frequencies 
because  of  the  insulating  effect  of  the  intervening  group, 
and  this  appears  to  be  the  case.  In  phenylhydrazine  hydro- 
chloride, the  highest  frequency  ring  vibration  has  already 
been  identified  at  I6I3  cmT^,  The  band  at  1584  cm*!  appears 
to  have  a rather  strong  shoulder  on  the  high  frequency  side. 
If  the  1584  cm"*^  band  is  assigned  to  the  WHg,*  asymmetric 
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deformation,  then  this  Moulder  can  be  explained  by  the 
fact  that  the  imbonded  electron  pair  in  the  nitrogen  next 
to  the  ring  is  in  a conjiigated  position  end  may  be  ex- 
pected to  give  rise  to  a band  in  this  region.  It  is 
possible  that  the  assignments  should  be  reversed,  assigning 
the  shoulder  to  the  liHg'*’  group  and  the  main  band  to  the 
ring  vibration.  In  any  case,  it  appears  that  the  NUa"*" 
deformation  occurs  in  the  expected  range.  At  the  lower 
end  of  this  region,  phcnylbydrazlne  hydrochloride  has  two 
strong  bands  at  1^03  cm“l  and  1^95  cra**^.  Chese  bands  may 
be  assigned  to  the  ai*omatlc  ring  vibration  and  the  Nila'*' 
symmetric  deformation,  both  of  which  woxald  be  expected 
in  tills  range*  No  decision  could  be  made  as  to  which 
band  is  due  to  vhich  vibration.  In  this  case  also,  the 
NHg  deformation  appears  in  the  e::q}ected  range.  The 
origin  of  the  1546  cm**^  and  the  IS^il  cm“^  bands  in  this 
spectrum  could  not  bo  determined. 

In  benzylammonlura  bromide,  a band  appears  at 
1591  cm”^  idiich  one  might  want  to  assign  to  the  NHg'’’ 
deformation.  However,  as  was  noted  in  the  previous  sec- 
tion, no  band  appears  above  1600  cm"^  which  could  be 
assigned  to  the  expected  ring  vibration,  The  sharpness 
of  the  1591  cm  ^ band  indicates  that  it  is  probably 
due  to  the  ring  vibration.  There  is  a weak  shoulder  at 


1580  wiiich  is  probably  the  NH3**"  asynmetric  defor- 
mation* In  the  louder  part  of  this  region,  only  one  well 
defined  band  appears,  at  IU98  cm*“^  where  two  are  escpected* 
Bellamy states  that  the  1500  band  in  aromatic 

rings  is  ixsually  stronger  than  the  I6OQ  cm“^  band  and  that 
its  frequency  shifts  usually  parallel  the  1600  cm“^  band. 
Since  the  I6OO  cm**^  band  has  apparently  been  shifted  to  a 
lower  frequency,  the  15 00  cm”^  band  may  also  be  found  at 
a lower  frequency*  In  fact,  a strong  band  does  appear  at 
1475  cm**^  idiich  is  apparently  the  ring  vibration*  Support 
for  this  assignment  is  foimd  in  the  fact  that  three  strong 
bands  appear  at  about  lij.75-1450  cm-^  where  only  one  or  at 
the  most  two  are  to  bo  expected*  Ihe  reason  for  this  is 
discussed  in  the  next  section.  In  addition,  the  li|-75  om*^ 
band  appears  to  be  slightly  stronger  than  the  1591  cm"^ 
band,  idiich  is  to  be  expected  if  this  assignment  is  correct* 
Since  the  ring  vibrations  have  now  been  identified,  the 
114.98  cra"'^  band  can  be  assigned  to  the  synaaetric  NH5'*’ 
deformation*  The  origin  of  the  weak  band  at  1536  cm”^ 
is  not  known,  although  its  broad  shape  indicates  that  it 
may  bo  an  overtone  or  a combination  band* 

In  the  confounds  whore  the  NHs^  group  is  attached 
directly  to  the  aromatic  ring,  it  was  difficult  to  identify 
the  NHa'*’  deformations*  In  aniline  hydrobromide,  the  ring 

l 

vibration  can  probably  be  identified  with  the  bands  at 
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1603  cm*"^  and  1495  Hion  the  HHa"*’  deformations  could 

b©  identified  with  the  bands  at  1563  cm**^  and  1515 
There  are  several  other  possibilities,  however#  The  assign- 
ment of  the  two  lower  frequency  bands  could  be  reversed# 

The  asymmetric  NHa'*’  deformation  could  also  bo  identified 
with  a choulder  at  1592  cm*^# 

in  benzldene  dihydrochloride  and  2-napthyl  ammonium 
broalde,  the  ring  la  conjugated  so  that  three  bands  due 
to  the  aromatic  rings  are  to  be  expected  in  this  region# 
Definite  assignments  of  the  deformations  could  not  bo 

made  without  further  study  on  this  same  typo  of  coapound# 

If  one  assxxraes  that  the  broader  bands  in  this  region  are  duo 
to  the  NHa”**  deformations,  it  appears  that  these  vibrations 
come  at  a slightly  lower  frequency  than  usual# 

There  is  some  evidence  that  the  NHg"*"  group  should 
also  absorb  in  this  region#  Randall has  assigned  a 
band  in  the  i*ango  1637*1553  cm**^  in  some  N-substituted 
amino  acids  to  the  NHa'*'  group#  Table  VI  lists  the 
absorptions  of  the  polysubstituted  ammonium  compotinds 
studied  in  this  region#  It  can  be  seen  that  only  the 
dlsubstltuted  cojipaunds  in  this  table  absorb  above  1500  cm“^* 
This  band,  vhlch  occurs  in  the  range  1589-1570  cra*’^,  can 
tho^efore  be  assigned  to  the  HHa"*"  group# 
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TABLE  IV 

THE  SPECTRAL  BANDS  OF  SOME  MONOSUBSTITUTED  AMMONIUM 
CCMPOUNDS  IN  THE  I6OO-I5OO  REGION 


Con5>ound  Frequency  In  cra*^ 

CH»NH»Br  1579m  lU99s 

CsHqNHsBt  1599m 


CaHrNHaBr 

(CHa)aCHNHaBr 

C^HaNHaBr 

BrCHaCHaNHaBp 

(CHaNHaBr)a 

1599m 

HONHaBr 

HaNC(«0)NHNHaCl 

CaHaNHNHaCl 

CeHaNH»Br 

CaHaCHaNHaBr 

1591s 

(CeH4NHaCl)« 

CieH^NHaBr 

1594m 

1569s  1504a 

1581s  1503s 

1589m  1503s 

1581s  1492s 

I56l}ia  1511m  1505s 
1569m  1548w  I493ra 

1584s  l^6lm  1520  1493m 

1584s  1546m  1521m  1503s  1495s 
1563s  1515m  1495a 

1536W  1498m 

1555m  1517ta  l496s 

1574m  1504s 


(a)  35io  letters  w,  m,  and  s which  follow  the 
frequencies  of  the  bands  indicate  the  intensity  of  the 
bands  and  stand  for  weak,  mediimi  and  strong  intensities 
respectively* 
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!Pie  X490»13g0  oia"^ 

The  methyl  and  methylene  derormatlons  usually  occur 
In  this  region.  Certain  types  of  skeletal  vibrations  also 
sometimes  occur  here.  Because  of  the  wide  ranges  and  large 
shifts  which  are  characteristic  of  skeletal  vibrations,  the 
only  definite  assignments  which  can  be  made  are  for  the  de- 
formation vibrations*  The  following  observations  were  used 
In  the  assignment  of  bands* 

1*  The  methyl  deformations  usually  occur  In  the 
ranges  1470-1430  cm“^  and  I380-1370  cm*^. 

2*  The  methylene  deformation  usually  occurs  In  the 
range  1445-1485  cm*^. 

These  observations  have  been  discussed  fiaiy  by 
Bellamy,  Richards  and  Thompson^^^)  have  observed  that 

those  bands  are  often  split  in  the  solid  state*  This  ob- 
servation has  be^  confirmed  by  other  workers.  i^^c- 

Murray  and  Thornton, among  others,  also  state  that  the 
1380  cm*^  band  Is  often  split  when  two  methyl  groups  are 
attached  to  the  same  carbon  atom. 

Tables  V and  VI  list  the  bands  in  tMs  region  which 
occur  In  the  spectra  of  the  con^unds  studied.  Only  well- 
defined  bands  are  listed, 

^,t^y;  Ammoj^.^  BrtyT^de.  — Two  methyl  defomatlons 
are  to  be  expected  In  this  region.  The  ll|09  cm**^  band  Is 
probably  due  to  the  symmetric  deformation  idille  the  asymmetric 


deformation  is  apparently  obaciired  by  the  strong  band  at 
11+99  cra“^, 

Bthjyl  i^onlm  Bromide.— and  methylene  de- 
formations are  to  be  expected.  Since  the  methylene  group 
usually  absorbs  at  a higher  frequency  than  the  methyl 
group,  the  11+73  band  was  assigned  to  the  methylene 
deformation  and  the  11+66  cm  ^ band  to  the  methyl  asymme- 
tric deformation.  Both  of  the  remaining  bands  may  be  due 
to  the  symmetric  methyl  vibration.  The  split  is  due  to  the 
fact  that  the  vibration  may  be  either  in  or  out  of  phase 
with  the  corresponding  vibration  of  the  NHo'*’  group  which  is 
attached  to  the  some  carbon  atom. 

Amaoi^ium  Bromide. methyl  and  methylene 
deformations  are  to  be  expected.  The  methyl  deformations 
may  be  identified  with  the  bands  at  H+63  cm*^  and  I399  cm*^. 
The  11+66  cm*^  band  is  probably  die  to  the  methylene  group 
adjacent  to  the  methyl  groi^  since  it  appears  from  the 
spectra  already  discussed  above  that  the  methylene  adjacent 
to  the  nitrogen  absorbs  at  a slightly  higher  frequency. 

There  is  a shoulder  on  the  low  frequency  side  of  the  I504 
cm“^  band  which  may  be  identified  with  this  methylene  group. 

Isopropyl  ionium  Bromide.— Only  methyl  vibrations 
are  to  be  expected  since  the  tertiary  CH  usually  is  weak 
and  occurs  below  1350  on-1.  Eie  cm"!  band  la  probably 
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due  to  the  asTiametrlc  laethyl  deformation.  5h©  bands  at 
1400  citt*^'and  1381  cra*^  are  probably  due  to  a splitting  of 
the  symmetric  methyl  deformation  because  of  the  occurrence 
of  two  methyl  groups  on  the  same  carbon  atom* 

Butyl  Aimonium  Bromide*  and  Methylene  de- 

formations are  to  be  ojcpected*  The  spectrum  was  not  well 
resolved  in  the  upper  part  of  this  region.  The  U46J  cm"^ 
band  may  be  due  to  one  of  the  methylene  groups.  The  li|.00 
cm  ^ and  I38I  cm*^  bands  are  apparently  due  to  a split  of 
tlie  symmetric  methyl  deformation. 

2_«;lrQmo.ethyl  Bromide.— Onlv  methylene 

deforma tioi^B  should  occur.  The  cm*^  band  was  assigned 
to  the  methylene  adjacent  to  the  nitrogen  in  keeping  with  the 
observation  mad©  above  that  the  nitrogen  appears  to  in- 
crease the  frequency  of  adjacait  groups.  The  lUZJ  om*^ 
band  would  then  be  assigned  to  the  methylene  group  adjaoffiit 
to  the  bromine  atom.  This  latter  assignment  is  supported 
by  the  observation  of  Brown  and  Sheppard, that  1,2-di- 
bromoethane  absorbs  at  li;35  cm*^,  below  the  usml  frequency 
for  a methylene  vibration. 

Bromide.— Only  methylene  vibrations 
are  to  be  ojq>octed.  The  II4.78  cm“^.  band  1s  probably  due  to 
the  methylene  adjacent  to  the  nitrogen  while  the  li|.58  cm*^ 
band  is  probably  dtie  to  the  methylene  group  adjaceit  to  the 
hydroxyl  group. 
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EthylenQ  PiainniOQ^UiS  — »M«thylenft  dofonuations 

only  are  to  b©  expected.  Only  one  band  is  readily  apparent 

••1 

in  this  spectz*U3n,  at  1351  cm  , which  appears  to  be  too  low 
for  the  raethylene  deformation*  Apparently  the  methylene  d©*» 
formation  is  masked  by  the  strong  band  at  15 05  cm"^,  which 
has  a very  broad  shoulder  on  the  low  frequency  side* 

Hydro xvlammonium  Bromide. o-lte  deformation  vibra- 
tions are  to  be  expected  in  this  region*  The  two  strong 
bands  at  llj.77  cm  ^ and  ll^bO  cm*“^  are  most  probably  due  to  the 
H-0  stretching  vibration* 

Sealoarbazide  Hydrochloride*— The  only  bands  ihich 
might  be  ejected  in  this  region  are  the  C-N  stretches* 

Kie  bands  at  ll4lj.7  cra**^  and  I385  cm"l  may  arise  from  these 
vibrations* 

Phenylhydraz  ine  Hydrochloride . Ph at» a are  no  ap- 
parent vibrations  to  be  ejqsected  in  this  reglcxi*  The  band 
at  H4l9  cm*^  may  be  due  to  a C-N  or  an  N-N  stretching  vi- 
bration* The  position  of  these  vibrations  in  other  com- 
pounds has  not  been  very  well  defined* 

Bmzyl  Ammonium  Bromide.— a methylene  deformation 
is  to  be  expected  in  this  region*  In  the  previous  section^ 
the  H4.75  cm"^  band  was  assigned  to  a ring  vibration*  The 
1466  cm"*^  and  1456  cm*l  bands  are  ja?obably  duo  to  a split 
methylene  vibration*  The  origin  of  the  I385  cm*^  band  is 
not  known* 
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2-Napthyl  Amonlura  3jx>mlde»  — -No  deformations  are  to 


be  esqjected  in  this  region#  The  origin  of  the  bands  vhich 
do  occur  is  not  known* 

Dimethyl  Amaonjura  Bromide# Only  methyl  deformations 
are  to  be  ojqjected.  They  may  be  identified  with  the  bands 
at  1471  cm  ^ and  1408  om"’^,  Kia  origin  of  the  other  bands 
is  not  known# 

Diethyl  Aroonim  Bromide# and  methylene  de* 
formations  are  to  be  expected#  !Ihe  band  at  14^3  cm"l  is 
probably  duo  to  the  methylene  deformation#  The  other  foia» 
bands  may  all  be  due  to  the  methyl  groups#  The  pair  at 
1462  cm“^  and  144©  cm**^  can  be  assigned  to  a split  asyn- 
metric  deformation,  while  the  I393  cm*"^  and  I378  cra"^ 
bands  can  be  assigned  to  a split  symmetric  deformation# 
Dlprogyl  Ammonium  aranida 

• •-Both  methyl  and  methylene 
deformations  are  to  be  expected#  The  1475  band  is 
probably  due  to  the  r^thylene  adjacent  to  the  nitrog^  atom, 
while  the  l46l  cm“^  band  is  due  to  the  othos"  methylene 
group#  The  1453  cm“l  band  is  at  the  correct  frequency 
for  on  asynmetric  methyl  deformation#  The  origin  of  the 
1416  cm*^  band  is  uncertain,  since  it  appears  to  be  too 
high  for  the  symmetric  methyl  deformation# 

Diisopropyl  Ammonium  Bromide#— Only  methyl  defor- 
mations are  to  be  expected#  Tlie  1470  cm*^  and  cm*"^ 

bands  may  be  due  to  a split  asyraraetric  methyl  deformation# 
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The  s^oaraetrlc  vibration  appears  to  bo  split,  as  expected, 
vrith  bands  appearing  at  ll|03  cm*^  and  I386  cia’^.  The  origin 
of  the  lii21  cm"^  band  Is  not  known* 

■PiaUTl  AnnionliAn  3raiiide.«-Twn  tjrpes  of  methylene 
deformations  are  to  be  e:iq)0ctod.  The  ll|61|  band  is 

pi*obably  due  to  the  methylene  adjacent  to  the  nitrogen 
atom*  According  to  Bellamy,  the  — Cli*  gz*oup  absorbs 
strongly  in  the  range  11^20-1410  cm”^.  The  only  other 
strong  band  in  this  region  is  at  1437  cm"^  which  is  most 
probably  the  ~Ciia  deformation  although  the  frequency 
appears  to  bo  a little  high*  The  origin  of  the  I38O  cm”^ 
band  is  not  known* 

Jteimethyl  Aflaaonium  Bromide.— only  methyl  defor- 
mations are  to  be  expected*  The  1478  cm"^  band  is  probab- 
ly the  asymmetric  methyl  deformation.  The  bands  at  143O  cm*"^ 
and  1403  om“^  may  be  associated  with  a split  symmetric 
methyl  deformation.  Another  assignment  is  possible  for 
the  1430  cw  ^ band.  All  three  of  the  trlsubstituted  com- 
pounds studied  have  a band  in  the  range  1430-1444-  cm"^,  a 
range  in  which  no  bands  appear  consistently  in  the  other 
spectra#  Since  the  only  common  group  in  these  compotinds 
which  does  not  appear  in  the  other  con^otinds  is  the 
gx*oup,  it  is  possible  that  this  band  may  be  due  to  this 
group*  The  fact  that  this  frequency  is  much  lower  than 
that  assigned  to  the  and  NHa^  groups  is  to  be  expected. 
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In  the  corresponding  OH  group,  the  deforaiation  occurs  at 

about  13^1-0  cm  which  is  much  lower  than  the  methyl  and 

methylene  def oimations.  The  relatively  great  intensity, 

as  cozapared  to  the  Cn  group,  may  be  due  to  the  fact  that 

the  nitrogen  atom  is  charged.  If  the  NH^  and  CH  groups 

underwent  the  same  vibration,  the  change  in  dipole  moment 

for  the  group  would  be  greater  than  for  the  CH  group. 

Since  the  intensity  depends  to  a largo  extent  upon  the 

(15) 

Cixange  in  dipole  moment,  this  would  result  in  a greater 
intensity  for  the  ITH*  vibration, 

I^iethyl  Ammonium  Bromido>~»nnth  methylene  and 
methyl  deformations  are  to  bo  e:q>octed.  The  band  at 
lil-77  cm”^  is  probably  due  to  the  methylene  deformation. 

The  1^36  cm*^  band  can  be  assigned  to  the  group  for 
the  reasoiis  given  in  the  preceding  paragraph.  The  sym- 
metric msthyl  deformation  zaay  bo  due  to  any  or  all  of  the 
tiiroe  bands  at  lij.03  cm*!,  138O  cm"^  and  1378  cm“^.  The 

ll}.03  cm“^  band  could  be  a perturbed  methyl  deformation 
while  the  other  two  bands  can  then  be  assigned  to  a split 
symetrlc  methyl  deformation.  No  band  is  listed  in  the 
table  viiich  could  correspond  to  the  e:xpected  asyametric 
methyl  deformation*  However,  a shoulder  appears  on  the  low 
frequency  side  of  the  ll|.77  cm*^  band  vhich  is  probably 


due  to  this  vibration. 


-^ipyopyl  Antnenlicn  methylene  and 

methyl  deformat  lone  are  to  be  ©3q)ected«  The  lij.7If.  cm*^  band 
Is  probably  due  to  the  methylene  adjacent  to  the  nltrc^en 
atom*  The  1464  cm  band  can  be  due  to  either  the  other 
methylene  group  or  the  asymmetric  methyl  deformation*  This 
band  does  not  appear  to  bo  well  resolved  so  that  It  is 
possible  that  both  bands  occur  here*  The  1403  cm*^  and 
1381  cm  ^ bands  nay  bo  due  to  a split  symmetric  methyl 
doioimation#  The  1444  cm**^  band  can  be  assigned  to  the 
IJir**  group,  as  was  explained  above. 

letrame.thyl  Aimnonium  Bromide.  raethyl  defor- 

mations are  to  be  expected.  The  1488  cm'*^  band  can  bo 
assigned  to  the  asymmetric  methyl  deformation*  The  pair  of 
bands  at  1405  cm  ^ and  1399  cm"*^  ±s  probably  due  to  a 
split  aymrietric  methyl  deformation* 

Te tpa ethyl.  .Aiiinonium  Bromide.  — Rot-.v,  methylene  and 
methyl  defonaatlons  are  to  be  03q>octod.  The  149Q  cra*^ 
band  is  probably  due  to  the  methylene  dofoxmation,  although 
the  frequency  appears  to  be  a little  higher  than  usual* 

The  1449  cm  ^ band  can  be  assigned  to  the  asymmetric  methyl 
deformation*  The  other  three  beuxds  may  all  be  duo  to  the 
symmetric  methyl  doformatlon.  The  I376  cn*“^  band  is 
probably  the  unperturbed  vibration* 


55 

»Two  types  of  methylene 

defomations  are  to  be  expected.  !i!he  1I4j61}.  cm*^  band  can 
be  assigned  to  the  methylene  adjacent  to  the  nitrogen  atom. 
The  li|26  cra*^  band  is  in  the  correct  position  for  the  ssCH* 
deformatioi.  The  origin  of  the  I371  cm*^  band  is  not 
known. 

Two  of  the  compounds  studied,  aniline  hydrobromide 
and  benzidene  dihydro  chloride,  were  not  included  in  Table  V 
because  they  do  not  have  significant  absorption  in  this 
region. 

The  assignments  in  the  above  discussion  Indicate 
that  the  charged  nitrogen  atom  t^ids  to  increase  the 
frequency  of  the  hydrogen  deformations  on  the  adjacent 
atoms.  The  shift,  however,  does  not  appear  to  be  very 
groat  and  the  asymmetric  methyl  deformation  and  the 
methylene  deformation  usually  appear  in  the  expected 
range,  although  at  the  upper  end  of  the  range.  The  sym- 
metric methyl  deformation  is  apparently  shifted  about 
20  cm  ^ upwards. 

Although  the  number  of  compounds  studied  is  small, 
this  study  indicates  that  the  NH**’  group  absorbs  at  about 
1435  cm“^  in  alkyl  substituted  ammonium  salts. 
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TABLE  V 

THE  SPECTRAL  BANDS  OP  SOME  MONOSUBSTITUTED  AMMO- 
NIUM  CCMPOUIiDS  IN  THE  H4.9O-I350  CM-1  REGION 


CooQ)ound 

Frequency  In  cm“^ 

CHaNHgBr 

1409  s 

C.HeNHaBr 

li;73s 

1466  s 

1397ia 

1364w 

CgH^NHaBr 

1467m  1463m 

1399m 

(CH3)sCHNH»Br 

l40Cta 

I384J1 

C4H9NH^Bt 

1467m 

140OW 

I36IW 

BrCHaCHaNHaBr 

1485m 

lk27m 

HOCHoCHaNHaBr 

1476m 

1456m 

(CHaNHaBr)a 

1351m 

HOHHaBr 

1U770 

1460s 

HaNCONHNHaCl 

l447m 

1365m 

CaHaNHNHoCl 

l4ii^9m 

CaHoCHaNHoBr 

1475s 

l466a  1456s 

1365s 

C t oHyNHaBr 

1446m 

1371m 

1361m 

(a)  The  letters  w,  m,  and  s which  follow  the 


frequency  stand  for  the  intensity  of  the  band  and  repre- 
sent weak,  medlura,  and  strong  Intensity  respectively* 
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TABLE  VI 

THE  SPECTRAL  BAUDS  OP  SOME  POI2fSUBSTITUTED  AMMONIUM 
COMPOUNDS  IN  THE  I6OO-I350  CM*^  REGION 


Ccanpound 

Pi^quency  In  cm"^ 

(CHa)«NH,Br 

1589M 

1471a  l435w  1428W  1408m 

(C0H5})|NHgQr 

1570W 

1483a  1462m  l440ttt  1393m  I378W 

(CaH7)aNHaBr 

I58i|m 

1475m  1461m  1453s  l4l6m 

[(CH8)8CHJbNHbBt 

1582m 

1470s  i4Ii4s  1421m  1403s  1386m 

(CH«®CHCHa)«NHaBr 

158IW 

1464m  1437s  138  Ow 

(CHa)aNHBr 

1478s  1430m  1403m 

(CaHa)3NHBr 

I477»i  1436m  1403m  1388W  I378W 

(CaH7)aNHBr 

i474»  i465s  ilUtijm  1403m  1381m 

(CH8)4HBT 

1488s  1405m  1399m 

(CaHa)4NBr 

1498s  1449s  1407s  1401s  1376s 

(CH«»CHCH«)4NBp 

1464s  1426s  1371m 

(a)  Tha  letters  w,  m,  and  s after  the  frequency 
stand  for  the  Intensity  of  the  band  and  represent  vesLk^ 
medium,  and  strong  Intensity  respectively* 


CHAPTER  IV 


SUMMARY  AiND  CONCLDSIOHS 

In  this  work,  the  infrared  spectra  of  some  sub- 
stituted ammonium  salts  were  studied  in  the  2-9*5  micron 
region.  Most  of  the  compounds  were  monosubs tituted  deriva- 
tives, but  some  di-,  tri-,  and  tetra-subs tituted  compounds 
were  also  Included. 

One  of  the  purposes  of  tills  study  was  to  determine 
where  the  K-H  stretching  and  deformation  vibrations  occur 
in  these  types  of  compounds.  It  was  fbxuid  that  when  the 
adjacent  carbon  vras  saturated,  the  asymmetric  stret- 

ching vibration  in  the  raonosubs tituted  compounds  occurred 

-1 

in  the  range  3077~3096  cm  , while  the  symmetric  vibra- 
tion occurred  in  the  range  3OO3-3046  cm“^.  The  only  ex- 
ception to  this  observation  was  ethyl  ammonium  bromide, 
idilch  had  a single  band  at  30^9  cm**^.  This  spectrm  was 
rather  poorly  resolved,  so  it  was  not  possible  to  det«?mine 
whether  or  not  this  anomalous  behavior  was  real  or  apparent. 
For  the  monosubstltuted  con^jounds,  which  contained  a pair 
of  mobile  electrons  on  the  adjacent  atom,  it  was  not  possible 
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to  determine  with  certainty  whether  the  NH5  stretches 
occurred  in  the  ranges  given  above*  In  some  cases,  bands 
did  appear  in  these  ranges,  but  an  unambiguous  asaignmeiit 
was  not  possible*  Kiis  type  of  cojspound  also  showed  another 
difference  from  the  compounds  where  the  adjacent  carbon  was 
saturated*  They  all  had  a strong  band  in  the  2706-2554  cm”^ 
region  where  the  other  type  had  only  weak  baxids.  It  is 
possible  that  this  strong  band  is  due  to  one  of  the  HH®'*’ 
stretching  fundamentals* 

The  NHg'*’  asymetrio  and  symnetrlc  deformations 
were  assigned  the  ranges  1599-1569  cm"^  and  1505-1492  cm"^ 
respectively*  A possible  exception  to  these  ranges  may 
occur  iihen  the  group  is  attached  to  an  aromatic  ring* 

In  the  three  corapotinds  of  this  type  idilch  were  studied,  it 
was  not  possible  to  assign  a definite  pair  of  bands  to 
these  vibrations,  since  these  compounds  also  have  other 
bands  in  this  region*  The  ranges  given  above  agree  very 
well  with  the  ranges  quoted  by  Randall for  amino  acid 
hydrochlorides*  The  symmetric  deformation  appears, 

in  most  cases,  to  be  stronger  and  more  stable  in  position 
than  the  asymmetric  deformation*  The  behavior  has  also 
been  noted  for  the  syimnetric  methyl  deformation  as  compared 
to  the  asymmetric  deformation. 
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All  of  the  mono substituted  compounds  had  bands  In 
the  raniije  2800-2350  era  ^ which  were  assigned  to  some  type 
of  NHa‘*‘  vibration.  However,  most  of  these  bands,  except 
for  the  ones  mentioned  above,  vere  weak. 

No  definite  ranges  could  be  determined  for  the 
stretching  vibrations  of  the  NHa*  group.  The  spectra 
indicated,  however,  that  these  bands  probably  do  not  occiir 
in  the  C-H  stretching  region,  but  are  probably  found 
below  2800  cm*^.  All  of  the  disubstituted  confounds 
studied  had  several  strong  bands  in  the  2800-2350  cm*^ 
region  vfaich  probably  arise  from  the  NHa**^  fundamfaitals, 
but  the  position  and  n^Jmber  of  these  bands  varied  too 
greatly  for  any  definite  assignments  to  be  made.  The 
expected  deformation  vibration,  however,  was  iden- 

tified with  a band  in  the  range  1589-1570  cm“^. 

It  was  not  possible  to  assign  any  bands  to  the 
expected  NH***  stretching  vibration.  The  spectra  indicate 
that  this  band  probably  occurs  in  the  2800-2350  cm"^ 
region.  All  of  the  trisubstltuted  compounds  studied  had 
several  strong  bands  in  this  region,  but  their  positions 
and  number  varied  widely.  The  Hlf*"  deformation  vibration 
was  tentatively  identified  with  a band  in  the  range 
lil30  cm  relatively  great  intensity  of  this  band 

as  coB^ared  to  that  of  the  CH  group  was  explained  by  the 
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fact  that  the  positive  charge  on  the  nitrogen  would  lead 
to  a large  change  in  dipole  moment  in  the  vibration. 

It  was  noted  that  the  stretching  vibrations  of  the 
HH0  groiq)  occur  at  a higher  frequency  than  those  of  the 
liH*  group,  which  in  t\irn  are  a little  higher  than  that  of 
the  HH  group.  This  same  trend  has  been  noted  for  the 
methyl,  methylene,  and  tertiary  CH  groups.  The  H«i»H  groups 
and  their  carbon  analogues  also  appear  to  follow  the  same 
trend  with  respect  to  the  deformation  vibrations.  The 
asymmetric  XH5  and  the  XH*  deformations  occur  at  about  the 
same  frequency,  \diile  the  XH  deformation  occurs  at  a much 
lower  frequency. 

This  study  indicates  that  it  should  be  possible  to 
determine  the  degree  of  substitution  of  a substituted 
ammonium  salt  by  an  examination  of  the  3IOO3000  cm"^, 
2800-2350  cm"^,  end  I6OO-1500  cm~^  regions,  I-'Ionosub- 
stltuted  salts  have  relatively  strong  bands  in  the  first 
and  third  region,  Dlsubstituted  salts  have  relatively 
strong  bands  in  the  second  and  third  regions*  Trlsubsti- 
tuted  salts  have  relatively  strong  bands  in  the  second 
region  only.  To tra- substituted  salts  have  no  significant 
absorptions  in  any  of  these  regions.  These  correlations 
would  £pply  only  to  compounds  in  vfiilch  the  substituting 
groups  theanselves  have  no  absorptions  in  these  regions. 

The  presence  of  aromatic  rings,  for  example,  would  greatly 
complicate  the  identification. 


62 

Edsall^^^  noted  a methyl  stretch  at  about  3030  cm"^ 
In  the  Raman  spectra  of  methyl  substituted  ammonluia  salts* 
2his  band  was  found  to  occur  also  In  tiie  infrared.  Ho 
other  definite  information  could  be  found  for  the  direction 
or  degree  of  shift  of  adjacent  hydrogen  stretches*  Shifts 
in  both  directions  wez*e  indicated,  but  no  correlations  of 
the  shifts  with  structure  could  be  made.  In  the  case  of 
hydrogen  deformations  on  adjacent  carbon  atoms,  it  ims 
found  that  the  adjacent  charged  nitrogen  atom  always 
shifted  the  defoxrniatlon  to  a higher  frequency.  The 'shift 
was  usixally  about  20  cm**^. 

Tentative  assignments  were  made  for  most  of  the 
bands  appearing  above  1350  cm"^.  Ho  atten^jt  x^as  made  to 
assign  the  bands  which  occurred  below  this  frequency* 
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Spectrm  of 

Methyl  Ammonium  Bromide 
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Wave  Lengths  in  Microns 
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Spectrijra  of  Ethyl  Araraonivira  Bromide 
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Spectrum  of  Propyl  Aramonium  Bromide 
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Spectrxua  of  Isopropyl  Aitmoniuiii  Bromide 
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Spectrum  of  Butyl  Ammonium  Bromide 
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Spectrtuji  of  2-bromoethylammonliim  Bromide 
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Spectrum  of  2-hydroxylethylammoniijm  Bromide 
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Spectrum  of  Hydro xylanimonium  Bromide 
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Spectrum  of 

Ethylene  Diammonlum  Bromide 
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Spectrvim  of  Semicar bazlde  Aramonlijm  Bromide 
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Specti»ura  of  Phenylhydrazine  Hydrochloride 
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Spectrum  of  Phenylammonium  Bromide 


O' 


CO 


r^ 


vO 


-d- 


Wave  Lengths  in  Microns 


78 


Spectr^um  of  Benzyl  Amraonlimi  Bromide 
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Spectrum  of  Benzidene  Dlhydrochloride 
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Spectrum  of  0(  -napthylaramonium  Bromide 
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Spectrum  of  Dimethyl  Ammonium  Bromide 
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Spectnam  of  Diethyl  Ammonium  Bromide 


82 


o 


XA 


Wave  Lengths  in  Microns 


Spectrvmi  of  Dipropyl  Ammonium  Bromide 
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Spectirum  or  Diisopropyl  Ammonium  Bromide 
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Wave  Lengths  in  Microns 


Spectrum  of  Diallyl  Ammonium  Bromide 
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Wave  Lengths  in  Microns 
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Spectriim  of  Triraetiiyl  Ammonium  Bromide 
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Spectrum  of  Triethyl  Ammoniimi  Bromide 
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Wave  Lengths  In  Microns 
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Spectrum  of  Tripropyl  Ammonium  Bromide 
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Spectrum  of  Tetramethyl  Ammonium  Bromide 
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Spectrum  of  Tetraethyl  Ammonium  Bromide 
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Spectrum  of  Tetraallyl  Ammonium  Bromide 
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